SUBJECTS AND METHOD
The material examined was obtained from 156 patients with congenital heart disease ( Table I ). The diagnosis in these patients was confirmed anatomically (operation or necropsy) in 82, by angiocardiography and/or cardiac catheterization in 66, and by clinical, electrocardiographic, and radiological examination alone in 8. Their ages varied from 3 months to 67 years. The distribution within this age range is shown in Fig. 1 .
Congenital heart disease was familial in 22 patients, representing 14 different families. In 18 instances the defect in the relative was the same as in the propositus.
Chromosome preparations were obtained from leucocyte cultures in all cases. Blood for these studies was collected either by venepuncture or during cardiac catheterization. The technique used for culture was a modification of that described by Moorhead et al. (1960) . Details of the modification are described elsewhere (Anders, Moores, and Emmanuel, 1965) .
A minimum of 25 cells from each patient was studied under the microscope except in three cases where the technical quality of the preparations was poor, and only 12, 13, and 15 suitable cells, respectively, were found.
One representative karyotype was prepared from each patient, except where further confirmation of results was required.
RESULTS
No major chromosome abnormality was found. In all patients studied the modal number was 46. The total counts for each age-group with percentages of hypo-and hypermodal cells is given in Table II . The increase of hypomodal cells with advancing age was similar to that reported by Jacobs et al. (1963) in a group of 247 people with normal karyotypes. In 15 of the 4409 cells examined dicentric or ring chromosomes were found. These included 10 cells with dicentrics and 5 with rings, and they occurred in 9 of the 156 patients studied.
Variation in size of certain chromosomes was observed: this was particularly marked in pair 16 but was only recorded if one 16 was either as large as a 12 or resembled a 19. This degree of variation was found in four patients, and the clinical details are given in Table III . In two of these (A.T. and Y.S.), the unusual 16 was similar in length to a number 12 ( Fig. 2 and 3 ). The increased length was apparently due to the elongation of the secondary constriction normally found in the paracentric region of the long arms. The characteristic appearance produced by the parallel nature of this secondary constriction enabled the chromosome to be distinguished in the great majority of cells. Family studies are in progress on A.T. and Y.S., and all three sibs of A.T. show a similar long 16 (Fig. 3) ; both the sibs so far examined clinically have normal hearts. In the other two patients (J.M. and M.W.) the majority of cells showed one 16 shorter than usual and in extreme instances it resembled a 19 (Fig. 4) . This variation, however, was not well defined but we have recorded it for comparison with other published work. In all four patients the short arms of pair 16 were apparently normal.
The only other variation of note occurred in one patient (S.L., clinical details in Table III) in whom the short arms of one chromosome 15 were longer than usual. In good quality cells, an additional secondary constriction could be seen between the usual constriction adjacent to the and a 19. We have accepted this range in the present study. In two of our patients one chromosome 16 was outside these limits ( Fig. 2 and 3) . One of these patients had an atrio-ventricular defect complicated by pulmonary stenosis (A.T.), the other had an uncomplicated persistent ductus arteriosus (Y.S.). This variant, however, is not confined to congenital heart disease, as a similar chromosome has been reported in 4 out of a total of 627 normal cases studied by Jacobs, Brunton, and Court Brown (1964) , and Court Brown (personal communication). In addition a comparable 16 has been described in cases of schizophrenia: an XY/XXY father and his daughter were reported by Court Brown et al. (1964) , and one other instance was noted in 54 female schizophrenics studied by Jagiello and Anders (1965) . Finally Jennings and Turner (1961) and Carr (1963) have described one case each, with a similar 16 associated with multiple congenital anomalies, though the hearts in these cases were apparently normal. This distinctive 16 can be an inherited character as shown by the three sibs of A.T. and the father and daughter reported by Court Brown et al. The similar morphology of this chromosome in all the cases discussed was remarkable.
The two patients with a small 16 both had an ostium primum atrial septal defect, one complicated by coarctation of the aorta (J.M.) and the other by polydactyly (M.W.). The size of the small 16 was variable in each case and we considered that this was not a clearly defined characteristic. A similar variation has been reported by Sasaki et al. (1963) in 9 out of 22 patients with congenital heart disease. Three of these had an ostium secundum atrial septal defect, two had atrial and ventricular septal defects combined, one had an unspecified atrial septal defect, and 3 had congenital heart disease of unknown type. Although a noticeably small 16 has been recorded most frequently in cases with defects of the atrial septum, this variation falls within the normal range suggested by Court Brown.
The other morphological variation of note occurred in a boy (S.L.) with coarctation of the aorta. Both he and his mother (M.L.) had a chromosome 15 with unusually long short arms (Fig. 5) , similar to those reported by Jacobs et al. (1964) in one of their normal cases. Chandra and Hungerford (1963) observed a variation of this with only terminal satellites in a normal father and daughter, and Jacobs et al. found a further variant in their study of normal subjects, where there was neither the additional secondary constriction nor the usual satellites.
In contrast to Book et al. (1961) , we found no abnormality in the 22 familial cases examined, though these included 14 instances of secundum atrial septal defect representing 9 different families.
In the single case of supravalve aortic stenosis with characteristic facies (Williams, Barratt-Boyes, and Lowe, 1961 ) the chromosomes were normal, unlike one of the cases reported by Palmer (1963) but in keeping with the other published findings (Ebeile and Beuren, 1963; Palmer, 1963; Joseph, Polani, and Gold, 1963; de Grouchy and Emerit, 1963 ).
In conclusion, therefore, we consider it improbable that any of the variations reported are directly associated with congenital heart disease.
SUMMARY
No major chromosome abnormalities were found in a series of 156 patients with congenital heart disease. The modal count was 46 in each instance, and an increase in hypomodal cells with advancing age was noted. A few cells showed unstable structural abnormalities. Variations in size were observed in certain chromosomes, particularly number 16. In two patients one of pair 16 was as large as a number 12, and in two others it resembled a 19; three of these four patients had an atrioventricular defect. In one patient with coarctation of the aorta a number 15 had particularly long short arms. The long 16 in one of the cases reported and the unusual chromosome 15 were shown to be inherited features. These results are discussed in relation to normal surveys and other instances where similar chromosomes have been reported. 
